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1
HEART STIMULATION DEVICE AND
RESPECTIVE CONTROL SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Phase of PCT/IB2012/
053762, filed 24 Jul. 2012, which claims priority from Italian
Application No. RM2011A000429, filed 8 Aug. 2011, the
disclosures of which are all incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a control process for a
pacemaker or a defibrillator to be necessarily implanted in the
body of patients with indication for implantation of a pace-
maker or defibrillator and with particular heart conditions and
electively in all other patients with indication for implantation
of'a pacemaker or defibrillator.

BACKGROUND OF THE INVENTION

The first pacemakers were provided with a single elec-
trode, which was implanted on one or two ventricles of the
heart of the sick patient, and epicardial stimulation was only
performed on the ventricle to which said electrode was con-
nected in those pathological cases in which the heart did not
contract on its own or did not adequately contract. The
implants were performed with a thoracotomy or subxiphoid
approach. In 1967, pacemaker implantation became endocar-
dial, i.e. the stimulating electrode was inserted transvenously
into the right ventricle; the intervention is considerably less
invasive.

In a subsequent development phase, greater clinical knowl-
edge, improved implantation techniques, significant evolu-
tion of the pacemakers both from a stoichiometric and cir-
cuital point of view, and significant improvement of the
stimulating electrodes, it was also proposed to place only one
electrode in the atrium, as an alternative to connecting the
electrode to the ventricle alone, a much more physiological
solution in the case of particular clinical pictures.

In a subsequent phase pacemakers 1, which had two elec-
trodes 3 and 4, were also developed and in this case an
electrode 4 was positioned in the right ventricle and the other
electrode 3 was positioned in the right atrium, cf. FIG. 1. The
surgical operation for implantation of these pacemakers,
known as dual-chamber or sequential pacemakers, was more
complicated given the presence of two electrodes, thus they
were only preferred in those heart conditions that justified the
increased risk. Subsequently, with the progress of implanta-
tion techniques and the progress of the electrode technology,
there was an increasing choice of dual-chamber pacemakers;
since 1995, implanting a pacemaker means implanting a dual-
chamber pacemaker unless there are clinical contraindica-
tions.

Given their clinical conditions, some patients require par-
ticular, more complex stimulations than the sequential, right
atrium-ventricle stimulation. Such patients have serious con-
ditions, i.e. they have an ejection fraction ofless than 35% and
are in NYHA class III or IV. So as to improve the clinical
picture, i.e. to improve stroke volume and cardiac output, in
addition to the atrial electrode 5 in the right atrium RA and the
right ventricular electrode 6 in the right ventricle RV, in these
patients there is also inserted a third electrode 7 in the left
ventricle LV to also stimulate this part of the heart 20 with
programmed times compared to the stimulation of the right
ventricle, cf. FIG. 2. In such patients, depending on the clini-
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cal picture, there can be implanted a defibrillator 2 instead of
a pacemaker; it should be borne in mind that a defibrillator
also performs the functions of a pacemaker and that such
functions are suitably controlled by the control programme of
the pacemaker-defibrillator device.

For these patients, for whom it is necessary to implant a
third electrode in the left ventricle in addition to the two
electrodes in the right ventricle and atrium, there is neverthe-
less envisaged an implantation surgical operation that is often
particularly lengthy and therefore very dangerous due to the
very fact that it is performed on patients whose heart is par-
ticularly weakened, with risk to their life in the course of the
operation. The difficulty of such an operation results from the
need to make the third electrode cross the coronary sinus to
reach the affixing position above the left ventricle inside the
great cardiac vein. There are sometimes particular difficulties
that advise against implanting the third electrode adapted to
stimulate the left ventricle, and that are generally linked to the
clinical conditions of the patient.

SUMMARY OF THE INVENTION

The primary aim of the present invention is that of creating
a new, dual-chamber pacemaker or defibrillator with
improved stimulation sequence (later also defined DBS=Dual
Better Stimulation) more precisely described hereunder,
which allows the achievement, with just two electrodes, of the
same haemodynamic advantages as obtained with a triple-
chamber implant pacemaker or defibrillator device of the
prior art that requires three electrodes being arranged in the
right atrium, right ventricle and left ventricle, as described in
the “Background Of The Invention” section above and shown
in FIG. 2.

Another important object is that of creating a pacemaker or
defibrillator control process with three electrodes, but with
two electrodes implanted in the right ventricle and one in the
right atrium but utilising improved stimulation sequence, to
improve, or at least maintain at the same level, the stroke
volume and cardiac output compared to pacemakers or
defibrillators controlled in accordance with the control pro-
cesses of the prior art.

According to a first aspect of the invention, these aims are
achieved by means of a stimulation device, in particular a
pacemaker or defibrillator, comprising an atrial electrode
adapted to be connected with the right atrium of the human
heart, at least a first ventricular electrode adapted to be con-
nected to the right ventricle of the human heart and provided
with a control system, programmed to emit in the course of
each cardiac stimulation cycle: a stimulation of the right
atrium by means of the atrial electrode, a first stimulation of
the right ventricle, defined below threshold pre-stimulus, by
means of the at least one first ventricular electrode after a time
interval T1, with a voltage comprised between 0.5 and -3 Volt
and which does not exceed 80-90% of the cardiac stimulation
threshold potential, a second stimulation of the right ven-
tricle, after a time interval T2 of the predefined pre-stimulus
comprised between 50 and 400 msec, with a voltage deter-
mined by the requirements of the human heart.

According to a further aspect of the invention, the above-
mentioned aims are achieved by means of a stimulation
device of the heart of a human being, in particular a pace-
maker or defibrillator provided with a single atrial electrode
and with a single ventricular electrode adapted to implement-
ing a stimulation method of the type described.

Thanks to the invention, with a new dual-chamber pace-
maker or defibrillator having only two electrodes, one con-
nected in the right atrium and the other in the right ventricle,
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and programmed so as to produce a sequential stimulation
between the stimulus in the atrium and the pre-stimulus in the
right ventricle V1 with predefined delay time linked to the
programmed AV delay and thereafter performing a second
sequential stimulation V2 at V1, with both the stimuli in the
right ventricle with a predefined and optimised delay between
these two stimuli, known as VV delay, which resulted as
being optimal between 70 and 80 msec, there is obtained the
maximum stroke volume and cardiac output that can be deliv-
ered by the heart of the particular patient in whom the device
is implanted, thus guaranteeing the important advantage of
reducing the invasiveness of the implant operation of the
device. It should be noted that the stimulus V1, i.e. the first in
the ventricle, must necessarily have the above-described
characteristics.

In the alternative variant of the method of the invention,
wherein three-electrode stimulation devices are used, which
are however implanted by means of a much simpler and
quicker surgical operation, i.e. by positioning the first elec-
trode in the right atrium, the second in the right ventricle and
the third again in the right ventricle, and programmed to
provide sequential AV stimulation and with a dual sequential
V1 and V2 stimulation in the right ventricle, of the DBS type,
through the two electrodes with delay between the two pro-
grammable stimuli, known as VV delay, the same, above-
listed advantages for the patient are achieved.

Indeed, in each of the alternatives, implementation of the
first ventricular stimulation, whether performed through a
single electrode or through two electrodes in the right ven-
tricle, by emitting a first impulse having a voltage which does
not exceed 80-90% of the threshold potential, defined “below
threshold stimulation”, of a duration comprised between 0.1-
1.0 msec, and which has been found to be optimal at 0.4 msec,
followed by a second ventricular impulse capable of provok-
ing a cardiac contraction having an amplitude that conforms
with the Safety Margin rule, widely used in this type of
operation, and after an interval of time from the first ventricu-
lar stimulation comprised between 50 msec and 300 msec,
produces the desired results.

In the case in which the control process object of the
present invention is utilised in a pacemaker or defibrillator
with three electrodes, there is nevertheless the great advan-
tage that these electrodes are inserted into just two chambers
instead of into three chambers, an operation that entails a
significant simplification of the surgical intervention for
implanting the device in that it is much less invasive and much
quicker.

The dependent claims describe preferred embodiments of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages of the invention will
become clearer in the light of the detailed description of a
preferred but non-exclusive embodiment of a stimulation
device for the stimulation produced by a pacemaker or
defibrillator, illustrated by way of a non-limiting example,
with the assistance of the accompanying drawings, wherein:

FIG. 1 shows a schematic, cross-sectional view of a heart
with sequential, dual-chamber stimulation device with two
electrodes implanted as in the prior art;

FIG. 2 shows a schematic, cross-sectional view of a heart
with sequential, three-chamber stimulation device with three
electrodes implanted as in the prior art;

FIG. 3 shows a schematic, cross-sectional view of a heart
associated with a stimulation device having three electrodes
implanted and programmed according to the invention;
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FIG. 4 shows a schematic, cross-sectional view of a heart
associated with a new, dual-chamber sequential stimulation
device with two electrodes implanted and programmed
according to the invention.

FIG. Srepresents a diagram of the stimulation of the human
heart by means of a pacemaker or defibrillator programmed
according to the invention.

The same reference numbers in the drawings identify the
same elements or components.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

With particular reference to FIG. 3, the first solution pro-
posed by the present invention is that of stimulating the heart
20 with DBS stimulation with a pacemaker or defibrillator 10
having three electrodes with two electrodes 12 and 13 in the
right ventricle with sequential stimulation and one electrode
11 in the right atrium. This solution is particularly suitable in
those cases in which the stimulation device 10 already on the
market has three electrodes and has the possibility of being
programmed so as to emit a sequence of successive stimula-
tions through each electrode during each cardiac stimulation
cycle. Or the second solution proposed by the present inven-
tion with pacemaker or defibrillator 15 having two electrodes
with one electrode 16 in the right atrium R A and one electrode
17 in the right ventricle RV, which allows a DBS stimulation.
This solution can be achieved with a device having just two
electrodes, but that must be provided with means that, when
suitably programmed, allow the single ventricular electrode
17 to emit two stimuli in the course of the same cardiac
stimulation cycle, having the duration T,,. Both the solutions
described herein allow substitution of the three-chamber
stimulation while achieving the same haemodynamic advan-
tages.

The electrodes, whether there are two or three, are posi-
tioned inside the right atrium R A and the right ventricle RV on
the basis of the intraoperative measures, such as in the
implant, normally without other precautions, while exclu-
sively following the usual rules known to all expert implant-
ers of this type of implant.

The natural contraction between the left ventricle LV and
the right ventricle RV in human hearts occurs at a time inter-
val comprised between 5 and 20 msec; should this time inter-
val exceed 50 msec, the heart pumps incorrectly.

The succession of the two stimuli in the right ventricle RV
must be made in a very particular way to permit correct
contraction of the left ventricle LV so that there is good stroke
volume and cardiac output; this determines the programming
of the pacemaker when it is implanted in the patient’s body.

Thus in accordance with the invention, in its first aspect,
when we consider the solution wherein the stimulation device
has three electrodes as in FIG. 3, after the normal atrial
stimulation that marks the start of cardiac stimulation cycle,
which has an overall duration T, following the time interval
T,, theright ventricle RV is first stimulated with the electrode
12. This stimulus, defined a pre-stimulus for the purposes of
this description, is produced with an impulse having a
“BELOW THRESHOLD” voltage, e.g. if for a certain
patient, stimulation of the heart 20 requires the amplitude of
1 Volt for an impulse duration equal to 0.50 msec, this pre-
stimulus must be of a duration equal to 0.40 msec and of an
amplitude equal to 80 to 90% of the threshold stimulus. The
pre-stimulus does not cause the same contractive effects on
the cardiac muscles as a normal atrial or ventricular stimulus.
After a time interval T, comprised between 50 and 400 msec
from the pre-stimulus, the right ventricle RV is stimulated by
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means of the second ventricular electrode 13 with an impulse
adapted to provoke a cardiac contraction of an amplitude and
duration that is in line with the Safety Margin rules. The time
interval T1+7T2 is habitually defined as atrioventricular delay
AV, while T2 is habitually defined ventricular sequence delay.

The time interval T, between the pre-stimulus performed
by the first ventricular electrode 12 in the right ventricle RV
and the simulation performed by the second ventricular elec-
trode 13 in the right ventricle RV is identified by detection

6

THRESHOLD voltage by means of the first electrode 12 of
the electrodes of the right ventricle RV and subsequently,
after atime T,, there is activated the stimulation of the second
electrode 13 of the right ventricle RV with stimulus adapted to
causing a cardiac contraction having a volt amplitude that is
in line with Safety Margin rules.

Thus, the implant of two electrodes 12 and 13 in the right
ventricle RV without any electrode being implanted in the left
ventricle LV and with a third electrode 11 connected to the

methods of the known type by means of the programmer of 10 right atrium RA, controlled with the just-described sequence
the implanted pacemaker or defibrillator; in fact the first of' stimuli, guarantees a correct succession of the contractions
electrode 12 of the right ventricle is inserted in the inlet of the of all the cavities of the heart that contribute to optimal
connector of the pacemaker or defibrillator designated for the pumping of the blood.
electrode of the left ventricle LV, while the second electrode The implant of three electrodes wherein two electrodes are
13 of the right ventricle RV is inserted into the inlet of the 15 in the right ventricle RV, therefore guarantees the same car-
connector designed for the electrode of the right ventricle RV. diac output and stroke volume as an implant that is provided
The inventor has discovered that the pre-stimulus causes a with three electrodes, each in separate chambers.
pre-excitation that contributes to more quickly transmitting The particularly positive results of the stimulus according
the stimulus emitted by the second electrode to the left ven- to the method of the invention on cardiac output, are shown in
tricle thus significantly improving stroke volume and cardiac 20 the following table, which presents comparative results on a
output. group of five patients, compared to the results obtained util-

Stimulation takes place in the normal sequence of the pace- ising a classic, biventricular heart stimulation methodology.
makers or defibrillators, i.e. first the right atrium RA is stimu- The table does not present atrial stimulation data, which
lated; following an interval T1 function of the delay AV remain unchanged irrespective of whether the stimulation
programmed (AV=T1+T2=50-400 msec), the right ventricle 25 takes with a method that conforms to the prior art or with the
RV is stimulated with a pre-stimulus having BELOW method of the invention.

TABLE

Comparison between bi-cameral (A + V) stimulation and bi-cameral tri-focal (A + V| + V) stimulation using DBS procedure™*
Measurement of stroke volume (SV) and cardiac output (CO)

compared V| setting CcO
Id. age  sex measurement V,V, increase
patient base ECG (stimulating PM v, amplitude D, interval stimulation Y% CO withDBS
# date electrode) program. setting (volt) (msec) (msec) type (ml)  (lpm) (Ipm)
1 PE 77 Q only V, VVI standard 0.60 0.40 70  Vtip-ring 23,000 2,051  0.560
AF bothV,andV, VVI+DBS standard 0.60 0.40 70 V,:tip-ring; 29,000 2,611
May 17,2012 V,: tip-ring
2 MG 81 3 only V, DDD standard 2.60 0.40 70  Vtip-ring 42,992 2,580  0.440
total AVB bothV,andV, DDD +DBS standard 2.60 0.40 70 V,:tip-canister; 49,980 3,020
Jan. 19, 2012 V,: tip-ring
optimization of only V, DDD standard 2.60 0.40 70V, tip-ring 60,000 3,741 0.680
PM parameters bothV,andV, DDD +DBS standard 2.60 0.40 70 V,:tip-canister; 71,000 4,421
May 24,2012 V,: tip-ring
3 VA 66 3 only V, DDD standard 2.40 0.40 70  Vtip-ring 93,990 6,180  0.270
total AVB bothV,andV, DDD +DBS standard 2.40 0.40 70 V,:tip-canister; 99,000 6,450
Dec. 14,2011 V! tip-ring
optimization of only V, DDD standard 2.40 0.10 70V, tip-ring 86,975 5,838 0.322
PM parameters bothV,andV, DDD + DBS standard 2.40 0.10 70  V,:tip-canister; 94,983 6,160
Nov. 04, 2012 V,: tip-ring
4 BA 80 Q only V, VVI standard 0.70 0.50 80  V,:tip-ring 56,000 3,934 0476
AF bothV,andV, VVI+DBS standard 0.70 0.50 80  V:tip-ring; 63,000 4,410
Sep. 14, 2011 V! tip-ring
optimization of only V, VVI standard 0.70 0.40 70V, tip-ring 51,984 3,660 0.480
PM parameters bothV,andV, VVI+DBS standard 0.70 0.40 70 V,:tip-ring; 58,996 4,140
Dec. 21,2011 V,: tip-ring
5 SSA 89 3 only V, DDD standard 1.50 1.50 70 V., tip-ring 82,998 5,820  0.593
total AVB bothV,andV, DDD +DBS standard 1.50 1.50 70 V,:tip-canister; 91,977 6413
Sep. 20, 2011 V! tip-ring
optimization of only V, DDD standard 1.00 0.40 70V, tip-ring 81,928 5,684  0.946
PM parameters bothV,andV, DDD + DBS standard 1.00 0.40 70 V,:tip-ring; 93,942 6,630
Dec. 14,2011 V,: tip-ring
col. C1 col. C2

*Electrode V| stimulates below threshold; electrode V, stimulates in standard mode
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It is important to note that column C1 indicates for each
patient the stimulation methods with a single ventricular elec-
trode V2 emitting a single stimulus adapted to provoke a
cardiac contraction and the DBS method with two electrodes
and two stimuli V1 and V2 in the right ventricle RV. The
column C2 records the data relating to the increase in cardiac
output when stimulation is applied on the same patient with
the single electrode V2 as is envisaged in the stimulation
devices of the prior art and when stimulation is applied with
the two stimuli V1 and V2 through two electrodes of the right
ventricle RV with DBS stimulation, in line with the present
invention.

With particular reference to FIG. 4, in the second solution
according to the invention with pacemaker or defibrillator 15
having only two electrodes, a first electrode 16, known as the
atrial electrode, is implanted in the right atrium RA and the
second ventricular electrode 17 is implanted in the right ven-
tricle RV. With this solution there is obtained the same result
by programming the stimulation device with the stimulation
method of the invention DBS, i.e. three impulses, wherein the
first impulse is emitted in the right atrium RA with the atrial
electrode 16 followed, after the interval T, by a pre-impulse
having BELOW THRESHOLD voltage in the right ventricle
RV through the ventricular electrode 17 implanted in the right
ventricle RV. This ventricular pre-impulse is followed by a
second ventricular impulse emitted sequentially following a
delay T2, again through the single ventricular electrode 17
with predefined intensity, as already described for the preced-
ing solution of FIG. 3. The sequence of impulses emitted
during a cardiac stimulation cycle T, is the sequence illus-
trated in the diagram of FIG. 5 and already explained above in
the description.

This second solution envisaged that the stimulation device
15, of the new type, comprises an electronic circuit capable of
emitting three impulses: one in the right atrium and two
subsequent impulses in the right ventricle, through the said
ventricular electrode 17 during the said cardiac stimulation
cycle T,.

Thanks to this configuration, the same haemodynamic
advantages as described above are obtained, but with less
invasiveness than the previous variant with stimulation device
having three electrodes.

The simplicity of each of the above-described variants of
pacemaker or defibrillator is such that this type of interven-
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tion must be applied not only in patients with special condi-
tions but in all patients with indication for pacemaker or
defibrillator.

The invention claimed is:

1. A dual-chamber pacemaker comprising:

an atrial electrode adapted to be connected to the right
atrium of the human heart of a patient,

at least one first ventricular electrode adapted to be con-
nected to the right ventricle of the human heart, and

a control system that has been arranged to emit, in the
course of each cardiac stimulation cycle:

a first impulse for the stimulation of the right atrium by
means of the atrial electrode,

a second impulse for a first stimulation of the right ven-
tricle, said first stimulation being defined below-thresh-
old pre-stimulation, by means of the at least one first
ventricular electrode, said second impulse being emitted
after a time interval T1 from the emission of the first
impulse, this second impulse having a voltage com-
prised between 0.5 and -3 Volt and which is not in excess
of 80-90% of the cardiac stimulation threshold potential
of the patient,

a third impulse for a second stimulation of the right ven-
tricle, emitted after a time interval T2 from the pre-
defined pre-stimulation second impulse, said time inter-
val T2 being comprised between 50 and 400 msec, said
third impulse having a voltage adapted to provoke the
cardiac stimulation of the patient;

wherein the dual-chamber pacemaker does not include any
electrode in the left ventricle of the human heart.

2. A dual-chamber pacemaker according to claim 1,
wherein said third impulse for the second stimulation of the
right ventricle is emitted by means of the at least one first
ventricular electrode.

3. A dual-chamber pacemaker according to claim 1, pro-
vided with a second ventricular electrode adapted to be con-
nected to the right ventricle and wherein said second stimu-
lation of the right ventricle occurs by means of the second
ventricular electrode.

4. A dual-chamber pacemaker according to claim 1,
wherein said time interval T2 from the first stimulation of the
right ventricle is equal to 70 msec.
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